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Renal expression of constitutive NOS and DDAH: Separate The l-arginine-nitric oxide (NO) pathway has been as-
effects of salt intake and angiotensin. signed many important functions in the kidney, including
Background. Nitric oxide (NO) is generated from NO syn- the regulation of vascular resistance and glomerular fil-thase (NOS) isoforms. These enzymes can be inhibited by asym-
tration rate (GFR), tubular NaCl reabsorption in themetric dimethylarginine, which is inactivated by NG-NG-dimeth-
proximal tubule, loop and collecting duct segments, reninylarginine dimethylaminohydrolase (DDAH). The neuroneal
(nNOS) type I and endothelial (eNOS) type III constitutive NOS release, and tubuloglomerular feedback (TGF) [1, 2]. This
isoforms are expressed predominantly in the macula densa and pathway is implicated in the renal responses to changes
microvascular endothelium of the renal cortex, respectively.
in salt intake [3–7] and blood pressure (BP) [8, 9].DDAH is expressed at sites of NOS expression. Since NO may
Two constitutive isoforms of NO synthase (NOS) arecoordinate the renal responses to angiotensin II (Ang II) and
changes in salt intake, we tested the hypothesis that salt intake expressed in the kidney. The protein or mRNA for type I
regulates the expression of nNOS, eNOS and DDAH by Ang II or neuronal NOS (nNOS) is expressed heavily in the
acting on type 1 (AT1) receptors. macula densa, with additional expression in the efferentMethods. Groups (N 5 6) of rats were adapted to low-salt
arterioles, Bowman’s capsule, some cells of the cortical(LS) or high-salt (HS) intakes for 10 days. Other groups of LS
thick ascending limb (TAL) of the loop of Henle, andand HS rats received the AT1 receptor antagonist losartan for
six days (to test the effects of salt independent of AT1 recep- the collecting ducts [1, 2, 10–15]. The protein [14, 16, 17]
tors). A further group of HS rats received an infusion of Ang II or mRNA [18] for type III, or endothelial NOS (eNOS),
for six days (to test the effect of Ang II independent of salt
is expressed in the endothelium of the afferent and effer-intake).
ent arterioles and the glomerular capillaries.Results. Compared with HS rats, there was a significant (P ,
0.05) increase in LS rats of nNOS protein in kidney and immu- Several mechanisms have been identified that could
nohistochemical expression in the macula densa, and of eNOS regulate constitutive NOS activity in the kidney. NOS
protein expression and immunohistochemical expression in the is inhibited competitively by endogenous asymmetricalmicrovascular endothelium, and of DDAH protein expression.
dimethylarginine (ADMA) [17]. NOS activity in maculaLosartan prevented these effects of salt on the expression of
densa cells of salt-restricted rats is limited by cellular up-eNOS or DDAH, both of which were also increased by Ang II
infusions in HS rats. In contrast, losartan did not prevent the take of l-arginine via a specific cationic amino acid trans-
effects of salt on nNOS expression, which was unresponsive porter, termed y1 [6]. l-arginine uptake via system y1 into
to Ang II infusion. The generation of NO22 released by slices of renal tubular epithelial cells is inhibited by both ADMArenal cortex, in the presence of saturating concentrations of
and symmetric dimethylarginine (SDMA) [17]. ADMA isl-arginine, was increased by LS, compared to HS, independent
of losartan and by Ang II during HS. metabolized by NG-NG-dimethylarginine dimethylamino-
Conclusion. The expressions of eNOS in cortical microvas- hydrolase (DDAH) to l-citrulline and is thereby inacti-
cular endothelium and DDAH in kidney are enhanced by Ang II vated. DDAH is heavily expressed in specific sites in theacting on AT1 receptors. The expression of nNOS in the macula
kidney that correspond to those of NOS expression [17].densa is enhanced by salt restriction independent of Ang II or
Therefore, DDAH expression could regulate NO gener-AT1 receptors.
ation.
These experiments were designed to test the hypothe-Key words: nitric oxide synthase, dimethylarginine, macula densa, en-
dothelium, blood pressure, glomerular filtration rate. sis that dietary salt intake determines the renal expres-
sion of constitutive NOS isoforms and DDAH. The renin-
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marily by angiotensin II (Ang II) acting on type 1 (AT1) (200 ng · kg21 · min21) from an osmotic minipump over
six days before harvesting. The rats of group 5 were fedreceptors located on the renal resistance vessels [19–21].
Therefore, a second aim of this study was to assess an HS diet to reduce endogenous levels of Ang II. Their
data were compared with rats of group 2 to test thewhether any effects of salt intake on the expression of
constitutive NOS isoforms or DDAH can be ascribed to effects of Ang II independent of salt intake. All animals
had free access to food and water.Ang II acting on AT1 receptors.
Dietary salt restriction enhances the abundance of the
Kidney harvesting and tissue preparationmRNA for nNOS in the renal cortex and in macula densa
segments [22, 23]. The close correlation between changes On the experimental day, the animals were anesthe-
tized with an intraperitoneal injection of pentobarbitalin mRNA expression for nNOS and renin has led to the
speculation that nNOS may contribute to the macula (50 mg · kg21). The abdominal aorta was cannulated,
and the kidneys were perfused at 100 mm Hg with colddensa regulation of renin secretion through effects on
renin gene expression and renin release [22]. We ob- phosphate-buffered saline (PBS) to rinse out the blood.
Kidneys for immunohistochemistry were fixed by perfu-served previously that nNOS immunoreactivity in the
macula densa was enhanced by dietary salt restriction sion with a paraformaldehyde-lysine-periodate solution
for eight minutes. They were cut into slices and bathedand that this effect persisted in rats given the AT1 antago-
nist losartan [12]. This suggests that the effects of salt in this solution overnight at 48C. After rinsing with PBS,
tissue for light microscopy was dehydrated in gradedintake on nNOS expression may be independent of Ang
II acting on AT1 receptors. We are not aware of prior series of ethanols and embedded in wax (polyethylene-
glycol 400 distearate; Polysciences, Inc., Washington, PA,studies concerning the effects of salt intake on protein
expression for eNOS or DDAH in the kidney. USA) as described in detail previously [11, 12, 16, 17].
DDAH has a rather widespread expression at many
Western analysiscell types in the kidney [17]. Therefore, we studied its
expression by Western analysis of whole kidney protein. Kidneys were prepared similarly, but after flushing
with PBS, a kidney was removed, the cortex dissected,In contrast, eNOS and nNOS immunoreactivity is ex-
pressed densely in cell populations that make up only a and stored at 2808C until analyzed as described in detail
previously [16, 17, 25]. Kidneys were homogenized in buf-very small fraction of total renal mass. Since our aim
was to study the effects of salt intake on NOS expression fer containing 50 mmol/L Tris, 0.5 mmol/L ethylenedi-
aminetetraacetic acid (EDTA), 0.5 mmol/L ethylenglycol-in the juxtaglomerular apparatus (JGA), these studies
employed both a quantitative Western analysis of pro- bis(b-aminoethyl ether)-N,N9-tetra-acetic acid, 50 mmol/L
dithiothreitol, 0.2 mmol/L phenylmethylsulfonyl fluoride,tein expression in the kidney and a semiquantitative scor-
ing method for assessing immunohistochemical expres- and 2 mmol/L leupeptin at pH 7.4 using a Teflon glass
tissue homogenizer (Iwaki, Chiba, Japan). Large tissuesion of nNOS in macula densa cells and eNOS in vascular
endothelium. debris and nuclear fragments were removed by centri-
fuge spins (12,000 3 g for 20 min). The supernatant was
diluted in sodium dodecyl sulfate (SDS) sample buffer
METHODS
(0.125 mol/L Tris-HCl, pH 6.8, 20% vol/vol glycerol,
Animal protocols 4.6% wt/vol SDS, 5% vol/vol b-mercaptoethanol, 0.005%
wt/vol bromphenol blue). The protein concentration wasGroups (N 5 6) of male Sprague-Dawley rats (sup-
plied by Harlan Sprague Dawley) weighing 180 to 225 g determined colorimetrically with bovine serum albumin
as a standard. Protein samples were size separated elec-were studied after 10 days of regulated diets that differed
in only the NaCl content (Oriental Yeast Co., Tokyo, trophoretically with a discontinuous system consisting of
a 7.5% polyacrylamide resolving gel and a 5% polyacryl-Japan). The high-salt diet (HS) contained 6 g · 100 g21
of NaCl, and the low-salt diet (LS) contained 0.03 g · amide stacking gel. High-range molecular weight mark-
ers (Bio-Rad Laboratories, Hercules, CA, USA) were100 g21 of NaCl. This LS diet is sufficient for normal
growth over a 10-day period. Pairs of LS (group LS) and loaded as size standards. A precise amount of tissue pro-
tein (100 mg) was loaded on each lane. After separation,HS (group HS) rats were sacrificed after 10 days of diet
control to study the effects of salt intake. Groups of LS the proteins were transferred electrophoretically at 20 V
overnight to a nitrocellulose membrane. The membranes(group LS 1 Los) and HS (group HS 1 Los) rats re-
ceived losartan (1000 mg · L21 for LS, 200 mg · L21 for were washed in Tris-based saline buffer (pH 7.4) con-
taining 0.1% Tween-20 (TBST), blocked with 5% nonfatHS; HS rats drink fivefold as much water as LS rats) in
the drinking water for six days before perfusion fixation milk in TBST for one hour, and incubated overnight
with a 1:2000 dilution of monoclonal antibody againstto study the effects of salt intake independent of AT1
receptors. A group of HS rats (group HS 1 Ang II) DDAH [24] or with a 1:200 dilution of monoclonal anti-
bodies against nNOS or eNOS (Transduction Labora-received a continuous subcutaneous infusion of Ang II
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tories, Lexington, KY, USA). The membranes were incu- cally significantly different groups. Statistical significance
is taken at P , 0.05.bated with a horseradish peroxidase (HRP)-labeled goat
anti-mouse IgG (1:1000; Dako, Glostrup, Denmark) in
TBST for two hours. After rinsing with TBST, blots were
RESULTS
detected by 0.8 mmol/L diaminobenzidine (Dojindo Lab-
The distribution of nNOS, eNOS, and DDAH immu-oratories, Kumamoto, Japan) with 3 mmol/L nickel chlo-
noreactivity in the kidneys corresponded to that haveride and 0.3% hydrogen peroxide. The density of the
been reported previously [1, 2, 10–17, 25]. The immuno-bands was analyzed by a computer software for densi-
histochemical expression of nNOS in macula densa seg-tometry, NIH image analyzer.
ments is shown in Figure 1a–e, the immunocytochemical
score in the macula densa in Figure 1f, and the WesternImmunohistochemistry
analysis in the kidney cortex is in Figure 2. ComparedTwo-micrometer wax sections were processed for light
with HS, LS rats had a significantly enhanced expression.microscopic immunohistochemistry using the labeled
As shown in Figure 1f, this was confirmed by the immu-streptavidin-biotin complex (LSAB) technique (Dako,
nostaining score of nNOS in the macula densa that wasCarpinteria, CA, USA) as described in detail previously
significantly higher in LS than in HS (HS 0.83 6 0.06[11, 12, 16, 17, 25]. Briefly, the sections were dewaxed,
vs. LS 1.43 6 0.07, P , 0.0001). Western blot analysisrehydrated, and incubated for 15 minutes in 3% H2O2
of kidney cortex also confirmed the increase in nNOSto eliminate endogenous peroxidase activity. After rins-
protein in LS rat, as shown in Figure 2 (HS 0.17 6 0.01ing in TBST, the sections were treated with blocking
vs. LS 0.25 6 0.03 arbitrary units/mg, P , 0.05). Duringserum before incubation for two hours with a primary
losartan administration, compared with HS, LS ratsmonoclonal antibody against DDAH (dilution 1:1000)
again had a significantly enhanced nNOS expression[18], nNOS, or eNOS (dilution 1:100; Transduction Lab-
both in immunostaining (HS 1 Los 0.83 6 0.07 vs. LS 1oratories). Control sections were incubated without pri-
Los 1.41 6 0.07, P , 0.0001) and in Western blot analysismary antibodies. The sections were rinsed with TBST
(HS 1 Los, 0.18 6 0.02 vs. LS 1 Los, 0.25 6 0.04, P ,and incubated with a biotinylated secondary antibody
0.05). HS rats that received an Ang II infusion had afor 60 minutes. After rinsing, sections were incubated for
similar immunohistochemical nNOS expression as those60 minutes with a HRP-conjugated streptavidin solution
that had received the HS diet alone (HS 1 Ang II 0.80 6followed by incubation with peroxidase substrate solu-
0.07; P , NS vs. HS). Western blot analysis also demon-tion, 0.8 mmol/L diaminobenzidine (Dojindo Labora-
strated that nNOS expression was unresponsive to Ang IItories), and H2O2. The sections were counterstained with
(0.18 6 0.02 units/mg; P , NS vs. HS). We concludehematoxylin. The immunoreactivity for nNOS in macula
that macula densa immunoreactive nNOS expression isdensa, eNOS in renal vascular endothelium, and DDAH
enhanced by dietary salt restriction. This effect is inde-in glomeruli was scored by a “blinded” observer as fol-
pendent of Ang II or AT1 receptors.lows: 0 5 no staining; 1 5 slightly stained; 2 5 moderately
The immunohistochemical expression of eNOS in re-stained; and 3 5 strongly stained. The immunostaining
nal vascular endothelium is shown in Figure 3a–e, thescores were summarized from whole kidney counting of
immunocytochemical score in the endothelium of thesix animals.
renal cortical blood vessels in Figure 1f, and the Western
Nitrite release from kidney slices analysis in the kidney cortex is in Figure 2. As shown in
Figure 3f, compared with HS, LS rats had a significantlyWe measured nitrite release from kidney slices as de-
enhanced immunohistochemical expression of eNOSscribed previously [16]. Kidneys were cut into 50 mm
(HS 1.13 6 0.08 vs. LS 1.62 6 0.10, P , 0.005). As shownsections by a vibratome. Five sections from each kidney
in Figure 4, eNOS protein was also increased during LSwere incubated with 10 mmol/L l-arginine in a buffer
(HS 0.19 6 0.02 vs. LS 0.25 6 0.02 units/mg, P , 0.05)(pH 7.4) containing 25 mmol/L HEPES, 140 mmol/L
by Western blot analysis. However, during losartan ad-NaCl, 5.4 mmol/L KCl, 1.8 mmol/L CaCl2, 1 mmol/L
ministration, the immunohistochemical expression ofMgCl2, and 5 mmol/L glucose at 378C for 36 hours. Nitrite
eNOS in LS rats was diminished significantly (Fig. 3a–e)in the supernatant of the kidney slices was measured by
and there was no longer a difference between HS andthe Griess method after precipitation of protein. The
LS rats neither by immunostaining (HS 1 Los 1.02 6values were corrected for the protein in the tissue sample.
0.10 vs. LS 1 Los 0.88 6 0.08, P , NS) nor by Western
Statistical analysis blot analysis (HS 1 Los 0.17 6 0.02 vs. LS 1 Los 0.19 6
0.02, P , NS). HS rats that received an Ang II infusionData are presented as mean 6 SEM value. Data were
had a slightly, but significantly greater eNOS expressionanalyzed by analysis of variance (ANOVA) to assess the
than those that received HS alone in immunostainingseparate effect of salt or Ang II. Where appropriate, a
post hoc Dunnett’s t-test was applied to locate statisti- (HS 1 Ang II 1.37 6 0.08, P , 0.05 vs. HS). Western
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Fig. 1. Fig. 5.
Fig. 3.
Fig. 6.
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Fig. 1. Light micrographs illustrating immunostaining for neuronal ni- Fig. 3. Light micrographs illustrating immunostaining for eNOS in the
tric oxide synthase (nNOS) in the rat kidney (a–e ), and its immunostain- artery of rat kidney (a–e ) and its immunostaining scores in endothelium
ing scores in macula densa ( f ). (a) Kidney from a rat treated with low of renal vessels ( f ). (a) Kidney from a rat treated with an LS diet. (b)
salt (LS) diet or (b) high salt (HS) diet. (c) Kidney from a LS rat that HS diet. (c) Kidney from a LS rat that received losartan (LS 1 Los).
received losartan (LS 1 Los) or (d) from a HS rat that received losartan (d) Kidney from a HS rat received losartan (HS 1 Los), and (e) kidney
(HS 1 Los). (e) Kidney from a HS rat receiving Ang II (HS 1 Ang II). from a HS rat received Ang II (HS 1 Ang II). Magnification 3260. (f)
Magnification 3180. (f) Mean 6 SEM scoring for immunostaining in Mean 6 SEM scoring for immunostaining in the endothelium of renal
the macula densa in the five groups. *P , 0.0001 vs. HS or HS 1 Los. vessels in the five groups. *P , 0.05; **P , 0.005 vs. HS.
blot showed a slight but not significant increase in eNOS Losartan prevented these effects of salt on the expression
of DDAH in both immunostaining (HS 1 Los 1.12 6protein after Ang II infusion (HS 1 Ang II 0.20 6 0.01;
P , NS vs. HS). We conclude that eNOS expression in 0.05 vs. LS 1 Los 1.11 6 0.06, P , NS) and Western
blot analysis (HS 1 Los 0.19 6 0.02 vs. LS 1 Los 0.16 6renal vessels is enhanced by dietary salt restriction. This
effect can be ascribed largely to the action of Ang II on 0.01, P , NS). HS rats that received Ang II infusion had
an increase in DDAH expression relative to HS aloneAT1 receptors.
The immunohistochemical expression of DDAH in both in the immunostaining score (HS 1 Ang II 1.63 6
0.06, P , 0.01 vs. HS) and in Western blot analysis (HS 1glomeruli and renal vascular endothelium is shown in
Figures 5, 6 and 7. The densitometric analysis of Western Ang II 0.25 6 0.01 units/mg, P , 0.001 vs. HS). We
conclude that DDAH expression in kidney cortex is en-blots for DDAH in the kidney cortex is shown in Figure
8. The immunoreactivity for DDAH was observed in the hanced by dietary salt restriction. This effect can be
ascribed largely to the action of Ang II on AT1 receptors.endothelium in glomeruli and renal vasculature as well
as proximal tubules and macula densa. Compared with As shown in Figure 9, maximal NO22 production
(nmol/mg protein/36 h) was greater in LS (HS 1.57 6HS, LS rats had a significantly enhanced DDAH expres-
sion in glomeruli (HS 1.38 6 0.07 vs. LS 2.06 6 0.06, 0.17 vs. LS 3.08 6 0.23, P , 0.05). NO22 was unaffected
by losartan but was increased by Ang II during HSP , 0.0001) as well as DDAH protein in renal cortex
(HS 0.18 6 0.01 vs. LS 0.22 6 0.01 units/mg, P , 0.01). (3.31 6 0.05, P , 0.005 vs. HS).
b
Fig. 5. Light micrographs illustrating immunostaining for NG,NG-dimethylarginine dimethylaminohydrolase (DDAH) in the glomeruli of rat kidney.
(a, c ) Low salt diet; (b, d, e ) high salt diet (see Fig. 1a–e legend for an explanation). Magnification 3180.
b
Fig. 6. Light micrographs illustrating immunostaining for DDAH in the artery of rat kidney. (a) Kidney from a rat treated with a LS diet. (b)
Kidney from a rat treated with a HS diet. (c ) Kidney from a LS rat that received losartan (LS 1 Los). (d) Kidney from a HS rat that received
losartan (HS 1 Los), and (e ) kidney from a HS rat received Ang II (HS 1 Ang II). Magnification 3360.
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Fig. 4. Western blot for endothelial nitric oxide synthase (eNOS) using
Fig. 2. Western blot for nNOS using the cortex of rat kidney and its the cortex of rat kidney and its densitometry. A specific band for eNOS
densitometry. A prominent band for nNOS was observed at 160 kD, was observed at 133 kD, and the density of the bands was expressed
and the density of the bands was expressed as mean 6 SE from six rats as mean 6 SE from six rats in each group.
in each group.
DISCUSSION
This study confirms previous reports of dense expres-
sion of nNOS in macula densa cells [10–12, 14], eNOS
in microvascular endothelium [13, 16, 17], and DDAH
expression in the kidney cortex [17]. The main new find-
ings are that although the expression of nNOS, eNOS,
and DDAH are all enhanced by dietary salt restriction,
there are distinct mechanisms. The expression of nNOS
in the macula densa is largely Ang II independent,
whereas the expression of eNOS in microvascular endo-
thelium and DDAH in kidney cortex clearly is dependent
on Ang II acting on AT1 receptors.
The finding that nNOS immunoreactive protein ex-
pression is enhanced by dietary salt restriction extends
a previous report [12]. However, unlike this prior report,
there was no effect of AT1 receptor blockade in this study.
Salt restriction enhances the abundance of mRNA for
Fig. 7. Immunostaining scores for DDAH in the glomerulus. *P , 0.01;nNOS in the cortex [22, 26, 27] and in the isolated affer- ** P , 0.001 vs. HS.
ent arteriole with macula densa attached, but not in the
collecting ducts [23]. This is in contrast to other studies
in the renal medulla showing that salt loading enhances
nNOS expression and NOS activity [28]. The present (indicating NOS activity) in the macula densa is unaf-
fected by five weeks of administration of the long actingconclusion that nNOS expression in the macula densa is
independent of Ang II or AT1 receptors is consistent AT1 receptor antagonist candesartan [29]. Salt restriction
apparently enhances nNOS expression in the renal cor-with the recent finding that NADPH diaphorase staining
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Fig. 9. Nitrite production from kidney slices.
Fig. 8. Western blot for DDAH using the cortex of rat kidney and its
densitometry. A specific band for DDAH was observed at 34 kD, and
the density of the bands was expressed as mean 6 SE from six rats in
each group. *P , 0.01; ** P , 0.001 vs. HS. NO generation down-regulates the expression of consti-
tutive NOS in the kidney [34].
The immunohistochemical expression of eNOS in re-
nal vascular endothelium and DDAH in the kidney were
tex and macula densa cells. This effect is largely indepen- both up-regulated during salt restriction. However, un-
dent of AT1 receptors, is transcriptionally regulated, and like macula densa nNOS, the regulation apparently de-
is specific for the kidney cortex. pends on Ang II acting on AT1 receptors. Thus, the effect
Macula densa cell function is highly responsive to of salt intake was abrogated by losartan. Moreover, Ang II
changes in salt intake. These cells generate a signal that increased expression in HS rats. These data do not give
insight into whether these effects of Ang II are transcrip-activates TGF and inhibits renin secretion in response
tional. However, two other genes that regulate the func-to a change in NaCl concentration of tubular fluid [30].
tion of the l-arginine NO pathway are transcriptionallyDuring a high salt intake, activation of macula densa
regulated by Ang II. The expression of the gene thatcells by increases in tubular fluid [NaCl] elicits a blunted
encodes the expression of a y1 l-arginine transportingTGF or renin response [30]. Thus, the generation of TGF
protein is enhanced by Ang II infusion [35]. Recently,signals by the macula densa cells is closely integrated
rats with Goldblatt hypertension [36] or hypertensionwith tubular fluid [NaCl] and dietary salt intake. NO and
caused by Ang II infusion [37] have been found to haveits second messenger cyclic guanosine monophosphate
enhanced activity or enhanced mRNA expression [38]can inhibit [31] or stimulate [32] NaCl absorption by the
of the oxygen radical (O22 ) generating enzyme, nicotin-TAL. It has been proposed that NO, generated in the
amide adenine dinucleotide phosphate (NADPH) oxi-
macula densa cells, may regulate NaCl absorption and
dase, in the blood vessel wall. O22 interacts with NO,thereby the generation of the signal for TGF [33]. There- thereby shortening its half-life and diminishing or extin-
fore, dietary salt could influence TGF sensitivity and guishing its biological actions [39]. Thus, Ang II has the
responsiveness via changes in nNOS function in the mac- potential to enhance vascular NO generation by enhanc-
ula densa. However, NO generated by nNOS in the mac- ing eNOS expression in endothelium, enhance cellular
ula densa is implicated in blunting TGF responses [10]. uptake of l-arginine via system y1 transport, and enhance
Therefore, the increased expression of nNOS in the mac- the degradation of the inhibitory dimethylarginines by
ula densa during LS cannot be the cause of the increased DDAH. In contrast, Ang II also has the capacity to dimin-
TGF responses observed. It is more likely that changes ish the biological role of NO by enhancing NADPH oxi-
in nNOS expression are a compensatory response to an dase-induced O22 formation. Such discordant actions could
underlie differential, time-dependent effects of Ang IIattenuated rate of NO generation. Indeed, an enhanced
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on functional responses to NO in the kidney. Short-term eNOS and DDAH can be ascribed to Ang II acting on
AT1 receptors, whereas nNOS expression is independentinfusions of Ang II enhance NO generation (as reflected
in NOX excretion) and enhance the dependence of renal of Ang II.
blood flow and renal vascular resistance on NO [40]. In
contrast, during more prolonged infusions of Ang II over ACKNOWLEDGMENTS
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Dietary salt loading increases the plasma concentra- Abbreviations used in this article are: ADMA, asymmetric dimeth-
tion of NOX [3] and the renal excretion of NOX [3, 41–43] ylarginine; Ang II, angiotensin II; AT1, angiotensin II type 1 receptor;
BP, blood pressure; DDAH, NG,NG-dimethylarginine dimethylamino-and cGMP [3, 44]. Moreover, the dependency of renal
hydrolase; EDTA, ethylenediaminetetraacetic acid; eNOS, endothelialblood flow, GFR [3, 5, 42], and papillary blood flow [45] nitric oxide synthase; GFR, glomerular filtration rate; HRP, horserad-
on NO is increased by salt loading. These effects are ish peroxidase; HS, high salt; JGA, juxtaglomerular apparatus; LS, low
salt; LSAB, labeled streptavidin-biotin complex; nNOS, neuronal nitricindependent of Ang II and are specific for the kidney
oxide synthase; NO nitric oxide; NOS, nitric oxide synthase; RAS,[5]. They are dependent predominantly on nNOS since
renin-angiotensin system; SDS, sodium dodecyl sulfate; TAL, thick
its blockade with 8-nitroindazole prevents the effects of ascending limb; TBST, Tris-buffered saline with Tween-20; TGF, tubu-
loglomerular feedback.salt intake on NOX excretion or on the renal vascular
response to L-NAME [46].
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